Neither Dunalbiea cells grown with 5% CO2 nor their isolated chloroplasts had a CO2 concentrating mechanism. These cells primarily utilized CO2 from the medium because the K(oQS) (HCO3-) increase from 57 micromolar at pH 7.0 to 1489 micromolar at pH 8.5, where as the K(o.J) CO2 was about 12 micromolar over the pH range. After air adaptation for 24 hours in light, a CO2 concentrating mechanism was present that decreased the Ko.. (CO2) to about 0.5 micromolar and Ko.j (HCO3s) to 11 micromolar at pH 8.
inorganic carbon of less than 10 micromolar compared to 130 micromolar for chloroplasts from cells grown on high CO2. Chloroplasts from air-adapted cells, but not CO2-grown cells, concentrate inorganic carbon intemally to 1 millimolar in 60 seconds from 240 micromolar in the medium. Maximum uptake rates occurred after preillumination of 45 seconds to 3 minutes. The CO2 concentrating mechanism by chloroplasts from air-adapted cells was light dependent and inhibited by 3-(3,4-dichlorophenyl)-1,1-dimethylurea (DCMU) or flurocarbonyl-cyamidephenylhydrazone (FCCP). Phenazine-methosulfate at 10 micromolar to provide cyclic phosphorylation partially reversed the inhibition by DCMU but not by FCCP. One to 0.1 millimolar vanadate, an inhibitor of plasma membrane ATPase, inhibited inorganic carbon accumulation by isolated chloroplasts. Vanadate had no effect on CO2 concentration by whole cells, as it did not readily cross the cell plasmalemma. Addition of extemal ATP to the isolated chloroplast only slightiy stimulated inorganic carbon uptake and did not reverse vanadate inhibition by more than 25%. These results are consistent with a CO2 concentrating mechanism in DunalIeIIa cells which consists in part of an inorganic carbon transporter at the chloroplast envelope that is energized by ATP from photosynthetic electron transport.
Unicellular green algae grown with air levels of C02 are efficient in photosynthesis by intracellularly accumulating inorganic carbon from the medium (reviewed in ref. 1 1) . The algal Cj2 concentrating mechanism, which is induced by low C02, consists of several components including an external ' Supported by the carbonic anhydrase between the plasmalemma and cell wall (2, 17) , internal carbonic anhydrases (14) , and a Ci-pumping mechanism which is probably located at the chloroplast envelope (15, 17) . The formation and mechanism of the C, pump are light dependent. Both forms of inorganic carbon may cross the plasmalemma, but little is known about which form crosses the chloroplast envelope. C02 is the predominant Ci species that crosses the plasmalemma of Chlamydomonas and some other unicellular green algae, whereas at alkaline pH other algae may directly utilize HC03-(reviewed in ref. 1 1) . In this paper we have investigated the Ci concentrating mechanism and the role of light with intact chloroplasts, which have been isolated in good yield from air-adapted Dunaliella (7).
MATERIALS AND METHODS Algal Growth
Dunaliella tertiolecta (CSIRO Strain) (3) was maintained and grown at a room temperature of23 to 26°C in continuous light on a defined growth medium containing 0.17 M NaCl (8) but modified by omitting vanadate from the micronutrients and by increasing the phosphate content to 0.73 mm. Stock solutions of KH2PO4 and FeCl3 *6 H20 were sterilized separately and added aseptically to the medium. Slants of agar medium were prepared similarly with 1.5% (w/v) agar. Cultures were aerated continuously with 5% C02 (v/v) in air (7) . To obtain cells adapted to low CC2, bubbling with 5% C02 was stopped and the flasks were slowly shaken in air and in the light for 24 h before isolation of chloroplasts. The light intensity was 80 uE. m2 s1'. Chl was determined after extraction with 90% ethanol.
Isolation of Chloroplasts
The procedure for isolating intact chloroplast has been described and is based on keeping the osmolarity ofthe growth and isolation medium constant to minimize cell and chloroplast volume changes (7) . Cultures in the exponential growth phase were harvested by centrifugation at lOOOg for 10 min. The cell pellet was washed once by resuspending in fresh medium and recentrifuging at 1500g for 10 min. For the airgrown cells, the cell fraction was resuspended and washed a second time to remove more of the extracellular gelatinous material, which increased in the absence of excess C02. Too much of the extracellular gel interfered with preparation of the pressate by causing clumping after cell breakage by the Yeda press, and it also restricted the movement of the chloroplasts on isopycnic gradients. The C, dependent oxygen evolution was measured in a Rank Brothers oxygen electrode at 25°C, in 2 mL of assay buffer and cells or chloroplasts equal to 50 to 80,Mg Chl-ml-'.
The external inorganic carbon concentration for halfmaximal C02-dependent 02 evolution at different external pH was based on the method used by Moroney and Tolbert (13) . In this assay it was first necessary to deplete the dissolved Cs in the assay medium. With the isolated chloroplasts in the light this took so long that the particles lost part of their photosynthetic capacity. Therefore, 3 mL of assay buffer without chloroplasts was first depleted of CO2 by adding intact cells (100 Mg Chl * ml-') and 2.5 mm P-glycerate in the 02 electrode and 02 evolution was followed until it stopped (about 2 min). This cell suspension was quickly transferred to two Eppendorf tubes and 200 ,L AR 20 silicone oil was layered on the top of the suspension to prevent more CO2 from entering from the atmosphere. After centrifuging for 30 s at 8000 rpm in a Beckman microfuge, 1.9 mL of the supernatant was transferred back into the oxygen electrode and 100 ML of the chloroplast suspension containing 100 to 150 Mg Chl was added along with an aliquot of NaHCO3, and oxygen evolution was followed. To calculate the K(o.s) (CO2 + HCOO) the C, in the chloroplast suspension plus the added NaHCO3 were combined to determine the CO2 and HC03-concentrations at the pH of the buffer.
Ci in the chloroplast suspension was estimated by adding 100 ML of the concentrated chloroplast suspension to a 2 mL suspension of air-grown wild-type Chlamydomonas reinhardtii cells in the 02 electrode. The whole cells hadjust previously depleted their buffer of CO2 as measured by cessation of 02 evolution. The extent of 02 evolution following addition of the chloroplast fraction was used to measure the Ci concentration in the chloroplast preparation, which ranged from about 0.83 mM Ci in chloroplasts from C02-grown cells to 1.85 mM Ci in the chloroplasts from air-adapted cells. The higher value in the latter chloroplasts was perhaps due to the prior adaptation of a CO2 concentrating mechanism.
Inorganic Carbon Uptake CQ uptake was determined using the silicone oil centrifugation procedure (2, 13) . A concentrated chloroplast suspension was diluted to a density of 50,ug Chl ml-' in the assay buffer. After dilution, the carryover concentration of Ci was about 70 Mm. The (13) .
RESULTS
The maximum rate of photosynthetic 02 evolution at pH 7.5 with saturating Ci was 86 Mmol 02.h-' .mg-' Chl by high-CO2 grown Dunaliella cells and 72 for air-adapted cells. Data with cells grown continuously on air are not presented because of their slow growth and excess production of extracellular galatinous slime which interfered with the isolation of the chloroplasts. Instead, CO2 grown cells were air-adapted by shaking the cultures in air for 24 h after which time the CO2 concentrating mechanism was present but the amount of extracellular slime remained small.
The isolated intact chloroplasts were prepared in 30 to 50% yield and were 80 to 85% intact by the ferricyanide dependent 02 evolution method, and stromal enzyme specific activity (7) (results not shown). These chloroplasts had CO2-dependent 02 evolution rates of 18 to 35 Mmol. h-'. mg-' Chl, which was inhibited by 10 mM phosphate, although this inhibition could be reversed by 2.5 mM P-glycerate (7).
K(o.s) C, for Dunaliella Cells
The external Ci concentration for half-maximum CO2-dependent 02 evolution at different pH by the D. tertiolecta cells, which had been grown on high 5% CO2 in air, increased greatly with pH above 7 ( (Fig. IA) . Chloroplasts from Dunaliella cells grown on high CO2 did not accumulate a significant amount of C, (Fig. 1B) . With both types of chloroplasts, only about 8% ofthe total C1 uptake in the first 60 s was acid stable as a criterion of CO2 reduction. Calculations of the internal C. pool was simplified by using the total "4C uptake uncorrected for the small amount of CO2 reduction which was not routinely determined. The results are consistent with the presence ofa CO2 concentration mechanism associated within the chloroplast fraction from air-adapted Dunaliella cells. The CO2 concentration mechanism was absent or repressed in chloroplasts from cells grown on high CO2. Similar results with chloroplasts from Chlamydomonas (15) and Euglena (17) strongly suggest that transport of C1 across the chloroplast membrane may be a part of the CO2 concentrating mechanism.
At every pH tested, the K(o.5) (HC03 + C02) of around 10 Mm total C, for chloroplasts isolated from the air-adapted cells was low and constant (Table II) . However, with chloroplasts isolated from C02-grown cells the K10.5) (HC03-+ C02) 
(32) (4) (20) Uptake of C. by air-adapted Dunaliella chloroplasts was light dependent (Fig. 2) and was inhibited by DCMU (data not shown). The initial rate of CQ uptake by these chloroplasts was dependent upon the preincubation time in the light before initiating C1 uptake by addition ofNaH'4C03 (Fig. 3) . At least 45 s light preincubation was necessary for linear rates of CQ uptake and 2 to 3 min of light preincubation gave the maximum rates of C, uptake. Without preincubation in the light there was a lag time of about 45 s before fast CQ accumulation started (Fig. 2) . This lag period was similar for 02 evolution also (7) and is attributed to processes of activation for maximum rates of photosynthesis. For Anabaena variabilis the preillumination for activation of CQ uptake had a half-time of about 2 min (9), whereas the half-time for Dunaliella chloroplasts was around 0.5 mi. (Fig. 4) . The results with both vanadate and PMS are consistent with the need for photosynthetic electron transport and ATP synthesis to be used by a chloroplast membrane ATPase for the Ci-pump.
Amiloride is an inhibitor of Na+/H+ exchangers, and such an exchange has been reported with isolated membrane vesicles from Dunaliella (10). However, 1 mM amiloride did not severely inhibit CQ-uptake by the isolated chloroplasts (Table III) .
Aminooxyacetate has a zwitter ion composition which should facilitate its membrane penetration (18) , but once inside it could alkalinize the chloroplast with the formation of bicarbonate salts to increase net CQ-uptake from a pH gradient as observed in Table III. The effect ofthe inhibitors used in Table III 
